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Quantum emitters in hexagonal Boron Nitride (hBN) were recently reported to hold a homoge-
neous linewidth according to the Fourier-Transform limit up to room temperature. This unusual
observation was traced back to decoupling from in-plane phonon modes which can arise if the emitter
is located between two planes of the hBN host material. In this work, we investigate the origins for
the mechanical decoupling. Improved sample preparation enabled a reduced background and a 70-
fold decrease of spectral diffusion which was so far the major drawback of defect center in hBN and
allowed us to reveal a gap in the electron-phonon spectral density for low phonon frequencies. This
decoupling from phonons persists at room temperature and explains the observed Fourier Transform
limited lines up to 300K. Furthermore, we investigate the dipole emission directionality and show
a preferred photon emission through the side of the hBN flakes supporting the claim for an out-of-
plane distortion of the defect center. Our work lays the foundation to a deeper understanding of the
underlying physics for the persistence of Fourier-Transform limit lines up to room temperature. It
furthermore provides a description on how to identify the mechanically isolated emitter within the
large number of defect centers in hBN. Therefore, it paves the way for quantum optics applications
with defect centers in hBN at room temperature.
INTRODUCTION
Fourier-Transform limited (FTL) transitions in atomic
systems are among the most crucial ingredients for many
quantum optics experiments [1–8]. Furthermore, they
might become key building blocks for future large-scale
quantum networks [9–11]. Until recently, the systems
exhibiting such transitions, where the spectral width is
solely determined by the excited state lifetime, can be
divided in two categories. First, atomic systems such
as neutral atoms [12–14] or ions [15–17] that operate at
room temperature but with a large technical overhead
and with limited rates. Second, atom-like solid state sys-
tems that can be operated in compact setups and at high
rates but with the requirement for cryogenic tempera-
tures in order to suppress electron-phonon interaction
with the solid-state environment [5, 8, 18–23].
In the past few years, a new atom-like system has
emerged, namely defect centers in hexagonal Boron Ni-
trite (hBN) [24, 25]. The emitter evidence extraordinary
optical [23, 26–31] and spin [32–34] properties. In addi-
tion, first steps towards integrating quantum emitters in
hBN into photonic devices were successfully tested [35–
38]. A very unique and remarkable feature is the per-
sistence of FTL lines up to room temperature [39]. The
unusual persistence of the optical transition against inter-
action with its solid-state environment was traced back to
decoupling from in-plane phonon modes under resonant
excitation. However, besides the introduction of a con-
sistent model the experimental proof for the mechanical
decoupling is lacking.
In this work, we shed light on new physics based on
a quantum emitter which is trapped between two layers
of the hBN host. We explain the underlying mechanism
of the mechanical decoupling by a systematic spectro-
scopic study of the excitation and emission properties. At
low temperatures we extract the electron-phonon spec-
tral density at low frequencies and examine the persis-
tence of the mechanical isolation up to room tempera-
ture. We embed our observations into a consistent the-
oretical model. In the last paragraph, we analyze the
topology of different hBN flakes via AFM microscopy
and confirm that all defect centers which are mechanical
decoupled emit photons in parallel to the hBN layer ori-
entation. The emission directionality is consistent with a
dipole that is distorted out-of-plane. Our work not only
gives valuable insights into the new physics of mechanical
isolation of defect center in hBN. It also gives a guide-
line to the community on how to identify those emitters.
We therefore contribute important steps to utilize defect
center in hBN in quantum optics applications that can
be operated at room temperature.
RESULTS
Spectral properties
As illustrated in figure 1(a), our proposed model for
explaining the persistence of Fourier-Transform limited
lines up to room temperature rests upon mechanical de-
ar
X
iv
:2
00
4.
10
82
6v
1 
 [c
on
d-
ma
t.m
es
-h
all
]  
22
 A
pr
 20
20
2660 680 700 720
In
te
ns
ity
(a
rb
.u
ni
ts
)
680 700 720 740
Wavelength (nm)
In
te
ns
ity
(a
rb
.u
ni
ts
)
-100 0 100
0
1
In
te
ns
ity
(a
rb
.u
ni
ts
)
Γ = 61
± 12MHz
-100 0 100
0
1
Γ = 61
± 10MHz
−10 0 10 20
Frequency (GHz)
20
40
60
80
100
Se
qu
en
ce
du
ra
tio
n
(s
)
0
1
2
In
te
ns
ity
(a
rb
.u
ni
ts
)
−10 0 10 20
0.5
1.0
In
te
ns
ity
(a
rb
.u
ni
ts
)
Γ = 11.1
± 0.4GHz
−10 0 10
0
0.5
1
5K
−10 0 10
Delay τ (ns)
0
0.5
1
295K
g 2
(τ
)
650.8331 650.8333 652.5949 652.595
Wavelength (nm)
650.5 651.0 651.5 652.0
673.0 673.5 674.0
650.68 650.7 650.72
650.67 650.68 650.69 650.70 650.71 650.72 650.73
Wavelength (nm)
(a)
(d) (f)
5K 295K
(b)
(c)
(e)
Detuning (MHz)
FIG. 1. (a) Illustrative drawing of quantum emitters in hBN. (b) PL spectrum of emitter A. Emitter A yields an intense ZPL at
651nm with low background. The inset shows the ZPL in high resolution, thereby revealing two distinct peaks that we identify
as independent ZPLs. Since one peak is clearly dominating, the latter one can be treated as background. (c) PL spectrum of
emitter B. The PL spectrum of emitter B is dominated by a ZPL at 673nm. The ZPL in high resolution (see inset) shows a
dominant ZPL together with a second, less intense peak compared to emitter A. (d) Correlation function of emitter A. The
correlation function of emitter A with ZPL at 651nm at 5K and 295K is plotted here (blue dots), together with a fit to the data
(red curve), revealing single quantum emitter characteristics with a dip at 0ns delay below 0.5 at both temperatures. The grey
lines mark the threshold at 0.5 for single photon emitters. (e) Inhomogeneous linewidth of emitter A. Here, we illustrate 10
subsequent scans over the ZPL resonance. The total inhomogeneous linewidth with a Lorentzian fit to the data is shown in the
top panel. Below, we plot the single scans in color scale. The red dots and error bars denote the line positions and linewidths
resulting from Lorentzian fits, respectively. (f) Lifetime limited homogeneous lines at 5K and room temperature. Scanning the
excitation laser wavelength over the ZPL resonance reveals lifetime limited linewidths when fitting a Lorentzian (red curve) to
the measurement data (blue dots) at both, cryogenic temperatures (top panel) and room temperature (bottom panel).
coupling of the optical transition from phonon modes in
the hBN lattice [39]. Emitters located between hBN lay-
ers may be the cause of this decoupling because their or-
bitals are less susceptible to in-plane phonon distortions.
In order to understand the underlying mechanism, we
first measure the photoluminescence (PL) spectrum as
input for a phonon sideband decomposition model. This
allowed us to extract the electron-phonon spectral den-
sity and associate its resonances to hBN phonon modes.
We then in turn utilize resonant excitation of phonon res-
onances to investigate the coupling of the modes under
resonant drive. Since our laser system (Sirah Matisse 2
DS) operates in a wavelength range limited to 618 - 671
nm, we focus on two emitters where one, emitter A (see
fig. 1(b)), can be excited resonantly and near resonantly
to the zero phonon line (ZPL) and the second one, emit-
ter B (see fig. 1(c)), can be excited further away (up
to 56 nm) from the ZPL via the optical phonon mode.
Emitter A features a ZPL at a wavelength of 651nm. Its
PL spectrum shows a low background fluorescence and
high signal intensity. We measure the second order auto-
correlation function in Hanbury-Brown and Twiss (HBT)
configuration to verify the single photon character of our
emitters. The thereby arising relatively high value of
g2 (0) = 0.32± 0.03 (see fig. 1(d)) originates from a sec-
ond, uncorrelated ZPL, as reported previously in [40]. At
3room temperature, this value rises to g2 (0) = 0.41±0.02
due to higher background fluorescence. As observed in
the PL spectrum at 5K, the latter ZPL is only 0.25 nm
detuned and five times less intense than the main ZPL
(see fig. 1(b)). Nevertheless, the single photon charac-
ter is clearly proven for 5K and 295K since g2 (0) < 0.5.
Fitting the second order correlation function
g2 (τ) = 1− a exp
( |τ |
τ0
)
(1)
to data from a correlation measurement yields a natu-
ral linewidth of 62.9 ± 3.1MHz at cryogenic and 66.8 ±
4.2MHz at room temperature, in line with previous re-
ports [29, 41, 42]. The excitation power is kept well be-
low saturation in order to avoid power broadening. For
further analysis it is important to note that the contribu-
tion of the second emitter to the phonon sideband (PSB)
emission is small. Next, we perform resonant photo lumi-
nescence excitation spectroscopy (PLE) by scanning the
laser frequency over the emitter transition frequency with
a tunable dye laser. The Lorentzian fit to the resonance,
as illustrated in 1(e), yields an inhomogeneous linewidth
at 5K of 11±0.4GHz hinting to residual spectral diffusion.
Compared to earlier works [39], we iteratively improved
our sample preparation process, resulting in clean emit-
ter spectra and low background fluorescence. Further-
more, the cleaner substrate with less surface disturbances
reduces spectral broadening and stabilizes the emitter.
Thus, we could improve the inhomogeneous linewidth by
a factor of 70 at comparable excitation powers of few
µW. For individual scans we encounter a homogeneous
linewidth within the FTL of 62.9 ± 3.1MHz. An exem-
plary scan at cryogenic temperature (5K), reveals a ho-
mogeneous linewidth of 61 ± 12MHz, as shown in Fig.
1(f). At room temperature (293K), a scan with a mea-
sured linewidth of 61 ± 10MHz (see Fig. 1(f)) confirms
the FTL of the homogeneous linewidth.
Phonon sideband decomposition
Now, we study the PL spectrum of emitter A in detail
to identify the defect’s electron-phonon coupling mecha-
nisms. In figure 2(a), the blue curve shows the defect’s
bright ZPL emission. The grey shaded intensity shows a
magnified view of the PSB which highlights the phonon
features. We applied a PSB decomposition method which
adopts a linear symmetric mode model [43–45] to de-
scribe the PSB in terms defect’s electron-phonon spec-
tral density, also referred to as the one-phonon band. The
one-phonon band represents all defect processes involving
the creation and/or annihilation of a single phonon. Us-
ing our method we accurately decomposed the PSB into
its one-phonon band. Further details of the decomposi-
tion process are included in the supplemental material
[46]. Since the band can be accurately modeled in terms
of its one-phonon band, we can assume the absence of
strong vibronic interactions that involve non-symmetric
modes or introduce anharmonic effects, like Jahn-Teller.
Next, we compare the intensities of the one-phonon
band features to the intrinsic phonon modes of hBN to
identify the defect’s electron-phonon processes. Here we
are assuming that the emitter does not significantly per-
turb the modes of pristine hBN. Features in the one-
phonon band correspond to frequencies of high mode den-
sity and/or where there is strong coupling to the defect
orbitals. The one-phonon band is plotted against the
phonon band structure of pristine hBN as shown in fig-
ure 2(b). The modes that couple to the defect are high-
lighted in green. The one-phonon band’s largest feature
is a broad peak centered at 11meV. The prominence of
this feature indicates that, at this frequency, two things
are occurring: a high density of modes and strong cou-
pling to the defect. The feature is coincident with the
leveling out of the B1g and A2u bands at the A-point.
These are acoustic modes in the out-of-plane direction,
their qualitative atomic displacements are shown in Fig.
2(c). The A-point corresponds to out-of-plane wave-
vector at the edge of the Brillouin zone. This means
that A-point phonons also result in maximum displace-
ment between equivalent atoms in neighboring unit cells
in the inter-plane direction. There is a sharp feature at
50meV that does not coincide with any critical points
in the band-structure, indicating that it is a local mode.
The next green peak corresponds to the A2u mode at the
Γ-point, which is the out-of-plane optical mode in Fig.
2(d). The feature at 115meV does not coincide with any
band structure detail, since it stems from the Raman
line of chromium defects in the sapphire substrate and
not from the emitter itself.
The remaining features of the one-phonon band im-
ply that the defect weakly couples to the following: (1)
the longitudinal acoustic E1u mode at the K-point, (2)
potentially multiple transverse modes, and (3) the longi-
tudinal optical E1u mode at the Γ-point. These modes
correspond to in-plane displacements between neighbor-
ing unit cells of hBN. The microscopic displacements that
can be associated to the last three features are quite com-
plicated. As a result, it is not immediately obvious how
they may interact with the defect. Nevertheless, these
observations may still provide some insight as we develop
our understanding of the defect.
Given the defects strong coupling to modes that re-
sult in out-of-plane displacements, we conclude that the
orbitals of the defect exist between the layers of hBN.
This is consistent with the picture presented in [39] that
an out-of-plane distortion has led to decoupling from in-
plane phonons. We generalize the result to other inter-
plane defects like a trapped atom near an impurity or
vacancy.
The polarization-dependent PL spectrum shown in fig-
ures 2(e) and (f), exhibits the polarization of the full
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FIG. 2. (a) PL spectrum. Here, we display the full spectrum (red curve) of emitter A. For better visibility, the grey background
illustrates the magnified PSB. For comparison, we plot the one-phonon band, derived from PSB decomposition in red. (b)
Comparison of the one-phonon band and the phonon band structure. Each band in the band structure is labelled by its
symmetry at the Γ-point. The green highlighted peaks in the one-phonon band (plotted in red at the right) are coincident with
bands leveling off at high symmetry points in the band structure. The grey bars indicate peaks that are not coincident with
any features in the band structure. (c) The B1g/A2u modes at the A-point. Here we illustrate the atom motion resulting in
the B1g/A2u bands at the A-point. (d) The A2u mode at the Γ-point. This out-of-plane mode is sketched here with arrows
denoting atom motion. (e) Polarization dependent PL. The image shows a polarization dependent PL spectroscopy with the
logarithmic color scale at the ZPL at 651nm being cut off for better total visibility. (f) Polarization dependent PL in high
resolution. Here, we plot polarization dependent PL of the PSB close to the ZPL with high resolution spectra. For better
visibility, the colorscale is logarithmic. (g) 532nm absorption and emission polarization. The red data points together with
the red fit denote the polarization of the 532nm laser light absorbed for PL spectroscopy. The polarization of light emitted
from the emitter is plotted with blue dots and a blue curve marking the measurement data and the fit, respectively. Both
measurements reveal a clearly distinct orientation of the 532nm absorption and the emission dipole.
PSB. Light emitted from the ZPL shows a distinct po-
larization contrast. Thereto, the polarization contrast for
the off-resonant excitation at 532nm is rotated by 41°(see
Fig 2(g)), as observed previously [47] and hinting towards
an additional excited state. The polarization of both the
optical phonon mode at 710nm and the low-energy acous-
tic phonon modes are aligned to the ZPL emission. We
conclude that the involvement of phonons in the emission
process does not alter the polarization contrast. This is
consistent with the defect coupling to linear symmetric
modes.
Coupling to excited state phonon sideband
Next, we probe the electron-phonon coupling strength
of individual phonon resonances. For this purpose we
utilize wavelength-dependent PLE spectroscopy. We op-
erate the experiment in two different modes. First, we
integrate the spectrum over the optical phonon sideband
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FIG. 3. (a) PLE measurement scheme for excitation via PSB. The blue curve shows a PL spectrum of emitter A with a ZPL
at 651nm. The magnified PSB is displayed in red. The excitation wavelengths that we use for PLE are shaded in red. For
detection, we acquire spectra and use either the integral over the ZPL or the integral over the PSB as measure for the intensity.
Both integration areas are shaded in grey. (b) Polarization of 1st phonon mode. We excite emitter A with 6.8meV detuning
from the ZPL. We fit the measurement data (red points) with a sine (red curve), yielding a polarization angle of 23°. For
comparison, we plot the emission polarization of the ZPL in blue. (c) Polarization dependent PLE at the excitation PSB of
emitter A. In the right panel, blue and red dots represent results for excitation with parallel and perpendicular polarized light,
respectively. Circles and triangles denote two different measurement runs, using the optical mode for detection. Hereby, we
acquire spectra with long exposure time and integrate the spectrum over the PSB. Squares extend the measurement to higher
energy differences with data extracted from the ZPL integral. The grey shaded spectrum in the background is a mirrored
PL spectrum for comparison with PLE measurements at the excitation PSB. In the left panel, we illustrate the extracted gap
width. We determine the peak maxima of the ZPL and of the first phonon mode and equalize the difference with the gap width.
For better illustration we rescale the intensity of the PL measurement demonstrating the consistency of the gap size in the PL
and PLE measurement. (d) PLE at the excitation PSB up to the optical phonon mode. Here, we use emitter B with a ZPL at
673nm. The blue points denote the results for parallel polarization and red for perpendicular, respectively. All measurement
values are extracted by integration over the ZPL. The line connecting the measurement values serves as guide to the eye. The
dark grey shaded spectrum in the background is the PL spectrum of the emitter mirrored at the ZPL. For better visibility, we
plotted the magnified PSB in PL in lighter grey.
from 705nm to 800nm, as illustrated in Fig. 3(a), in
order to detect the fluorescence when exciting close to
the ZPL. Second, we use the integral of a Gaussian fit to
the ZPL as intensity measure when exciting further away
from the ZPL. Thereby, we can measure the excitation
strength over a large frequency range and compare it to
the PL signal when adjusting the scaling of the emitter
intensity. The first observation is that we can clearly ex-
cite the first phonon feature, which can be associated to
the first ZA mode, 8 meV detuned from the ZPL. The
polarization contrast of the excitation on-resonance with
the acoustic mode yields the polarization-dependence as
depicted in Fig. 3(b). In contrast to the polarization of
the off-resonant excitation at 532nm we now observe the
excitation polarization aligned to the ZPL emission po-
larization. We conclude that we are now addressing the
same excited state with a ZA-phonon-assisted excitation
that preserves the polarization. Figure 3(c) unfolds the
polarization- and wavelength-dependent electron-phonon
coupling across the complete phonon spectrum. We
note, that there is also a weak excitation probability on-
resonance with the ZA mode but with perpendicular po-
6larization with respect to the ZPL emission. We inter-
pret this observation as residual excitation of the second,
much weaker ZPL. Since that second ZPL of both defects
is detuned by around 0.8meV (see insets in figs. 1(b) and
(c)), we do not resolve the splitting here. Now, we want
to investigate the low-frequency gap between the ZPL
and the acoustic phonon branches and therefore focus on
the data polarized parallel to the ZPL emission. The
fluorescence intensity and therefore the electron-phonon
coupling strength displays a clear minimum at about
5meV detuned from the ZPL confirming our findings in
PL spectroscopy. The maximum on-resonance with the
first acoustic phonon energy at around 8 meV detuned
from the ZPL resonance at 0 meV also agrees with the
results from the PL spectrum. The left panel in figure
3(c) illustrates the gap width for both, PL and PLE data.
Therefore, we determine the peak positions of ZPL and
PSB, respectively, and define the gap size as their dif-
ference. The figure illustrates the consistency of the gap
width between PL and PLE measurement.
We now finalize our study of the electron-phonon
coupling strength by investigating the optical phonon
mode. Due to electromagnetic coupling between the op-
tical transition and the optical mode we expect electron-
phonon coupling even for an emitter that is displaced
out-of-plane of the hBN layer. Due to the limited tuning
range of our laser system we use a second emitter B with a
ZPL at 673nm to probe excitation via the optical phonon
mode. The PL spectrum and the wavelength-dependent
excitation is shown in figure 3(d). The emitter can be
excited efficiently via the optical phonon mode showing
a distinct resonance at 165meV detuned from the ZPL
and in agreement with previous results [48]. The po-
larization of the excitation laser is again aligned with
the polarization of the ZPL emission confirming that the
phonon-assisted excitation does not alter the polariza-
tion properties. Please note, that also in this case we
do observe a second ZPL with an intensity of approx-
imately half of the first ZPL. That ZPL could explain
the residual excitation probability perpendicular to the
ZPL emission. Furthermore, please note that we observe
signs of additional modes in excitation at a detuning of
approximately 75 meV from the ZPL. However, assign-
ing these resonances to modes in the PL spectrum is not
distinct.
Temperature dependent gap size
In the following, we focus on the temperature depen-
dence of the gap in the electron-phonon spectral density
and its persistence up to room temperature. We extrap-
olate the gap size by fitting a Gaussian to the ZPL and
to the first acoustic phonon feature and determine the
gap size as distance between both peaks. An example is
illustrated in Fig. 4(a). A characterization of 33 differ-
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FIG. 4. (a) Gap size analysis procedure. For evaluation of
the gap size, we fit a Gaussian (dashed red curve) to the ZPL
in the PL spectrum (blue curve) and to the PSB. The inset
shows the fitted PSB (green curve) with the PL spectrum
(blue dots). (b) Gap size distribution. We determine the gap
size of multiple emitters at 5K and display the abundance
distribution, peaking at 2THZ. (c) Evolution of the gap size.
Here, we measured the gap size (blue points) and the half
width of the ZPL (red squares) for different temperatures.
The data here stems from emitter A, which we used for reso-
nant PLE and PLE at the excitation PSB. For extrapolation,
we assumed proportionality of both measurement values to
the Boltzmann factor. The fitted curves are plotted in blue
and red for the according parameters, respectively. (d) Evo-
lution of the gap size. As in fig. (c), we depict the gap data
for emitter B using the same labeling.
ent emitters yields an average gap size of about 2 THz
within a distribution of approximately 1 THz, as illus-
trated in Fig.4(b). The histogram is asymmetric and
drops faster towards smaller gap size since smaller gap
widths are more difficult to resolve. In order to be able
to observe the gap its size needs to be larger than the ZPL
linewidth. We characterize both, the gap size of emitter
A and B for different temperatures from 5 K to 300 K,
as plotted in Fig. 4(c) and (d), respectively and plot it
against the ZPL linewidth. With rising temperature the
gap size narrows whereas the width of the ZPL increases.
The gap of both emitters remains open and observable
all the way to room temperature. However, the gap size
at 300 K decreases to about half the size at 5 K while the
ZPL width increases to almost half the gap size at 300
K. We fit the temperature dependence of both, the ZPL
linewidth and the gap size, with the Boltzmann function
w = A+B · exp
(
− C
kBT
)
, (2)
7with w denoting the gap size or the ZPL width and the
fit constants A, B and C and extrapolate a gap size of
1.14±0.24 THz at 294.2 K with a ratio for the Boltzmann
energy of hfkBT = 0.186 ± 0.039. This dependence could
arise from a temperature-dependent distortion that mod-
ifies the electron-phonon couplings and phonon frequen-
cies. For example, this could be a further out-of-plane
distortion of an already distorted defect or changes to
the configuration of an inter-plane defect. For changes
in the electron-phonon coupling to shift the energies of
PSB features, there must be a difference in the phonon
frequencies between the two electronic levels of the op-
tical transition. This is a higher order effect that is not
captured by the linear symmetric mode model and war-
rants future investigation.
AFM flake characterization
Finally, we characterize the topology of the hBN flakes
with an atomic force microscope (AFM). We compare the
flake texture between flakes hosting emitters with and
without gap in the electron-phonon density of states. The
AFM scan of the height profile reveals the angle of the
hBN flake surface with respect to the substrate surface,
which we equalize to the hBN layer orientation. Two
exemplary scans are shown in figure 5. We now gain in-
sights into the mechanical decoupling mechanism by cor-
relating the tilt angle of the hBN flakes hosting the defect
centers with the gap size observed in the PL spectrum. If
an out-of-plane distortion of the emitter is the origin for
the mechanical decoupling, then all emitters with a gap
should only be observable in tilted hBN flakes. In con-
trast, all emitters without a gap should predominantly
be observed in hBN flakes lying flat on the surface corre-
sponding to small tilt angles. This correlation is clearly
visible in figure 5. In total 45 emitters are studied. All
emitters with no gap in the PL spectrum are observed
in hBN flakes with a tilt angle below 50. In fact every
second flake has a tilt of less than 12. Vice versa, all
flakes hosting emitters with a gap in the PL spectrum
yield tilt of at least 12. Possibly, the dipole of emitters
with gap is distorted out-of-plane and the emission tends
to spread along the hBN layers. This results in a better
visibility when the flake is tilted such that the hBN lay-
ers and the emitted light points towards the objective for
collection. On the other hand, in-plane defects result in
gapless emitters. Since their dipoles are also located in-
plane the emission is mostly perpendicular to the hBN
layers. We observe this class of emitters in flakes with
small tilt angles.
CONCLUSIONS
In summary, we confirm that some defect center in
hBN exhibit mechanically decoupled electronic transi-
tions under resonant excitation. Improved sample prepa-
ration enabled a 70-fold decrease in spectral diffusion and
allowed us in this work to observe a gap of around 2 THz
in the electron-phonon density of states which remains
open up to room temperature. In a systemic study of
the coupling to individual modes we developed a model
where the emitter has orbitals that exist between the lay-
ers of hBN. This model was proposed in reference [39] to
explain the persistence of FTL linewidths in resonant ex-
citation up to room temperature. We furthermore cate-
gorize common features of all emitters with decoupled op-
tical transitions showing a gap in the PL and wavelength-
dependent PLE spectrum between ZPL and first acoustic
phonon modes. Our results imply that only multilayer
hBN flakes can serve as host for this emitter type. Fur-
thermore, the emission directionality is shifted towards
an emission parallel to the hBN layer. Besides new in-
sights into the physics explaining the extraordinary ob-
servation of Fourier-transform limited lines at room tem-
perature our work also outlines a catalog that could be
used in future experiments to identify mechanically de-
coupled emitters. Our work therefore opens up new ways
to use defect center in hBN for quantum optics applica-
tions at room temperature.
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